such as brain damage and endocrine disorders have been seen after administration of monosodium glutamate [4, 5] . Male infertility, reduction of body growth, obesity and hypogonadism have been reported following administration of MSG [6, 7] . Testicular hemorrhage and alteration of sperm production and morphology are the most reported changes in cases of male infertility after administration of MSG [3, 8] .
On the other hand, herbal drugs have gained importance because of their efficacy and cost effectiveness in the treatment of several diseases. Flavonoids can inhibit the secretion of inflammatory mediators such as nitric oxide, interleukin-12 (IL-12) and tumor necrosis factor alpha (TNF-α) [9] [10] [11] . Some studies mentioned the reduction of oxidative reactions following the administration of flavonoids [10, 12] . Moreover, it has been demonstrated that flavonoid compounds from quince have strong antioxidant and immune-regulatory effects [9] .
Starting from the various side effects of monosodium glutamate on the reproductive system biology and spermatogenesis, the aim of this study was to evaluate the protective effects of quince leaves extract, as herbal antioxidant, on the functional alterations of testicular tissue mediated by monosodium glutamate.
Material and methods

Animal Procedure
A total of 60 adult male Wistar rats with a body weight of 120±20 g were used in this study. All animals used for testing were housed under a 12 hour light-dark cycle with room temperature of 23-25°C and had access to food and water ad libitum. All animal procedures used in this study were approved by the University of Tabriz standards for human care and use of laboratory animals, in accordance with the Ethical Research Committee of the Ministry of Health and Medical Education of Iran (adopted in April 17, 2006) based on the Helsinki Protocol (Helsinki, Finland, 1975) .
Monosodium glutamate and quince leaves extract preparation
Monosodium glutamate (L-Glutamic acid monosodium salt hydrate, Sigma-Aldrich, St Louis, MO 63178, USA) was administrated with doses of 30 and 60 mg/kg by intraperitoneal (i.p.) injection. The quince leaf extract was prepared according to the protocol of Rodrigues et al. [13] .
Experimental design
The animals were divided into six groups, each including ten rats: 1) Control: normal and healthy rats that did not receive any type of treatment; 2) MSG30: the rats from this group received monosodium glutamate (30 mg/kg body weight -i.p.) daily for eight weeks; 3) MSG60: the rats from this group received monosodium glutamate (60 mg/kg body weight -i.p.) daily for eight weeks; 4) MSG30+Extract: in this group, quince leaf extract (500 mg/kg body weight) was administrated daily by oral gavage method to MSG30 treated animals for eight weeks; 5) MSG60+Extract: this group consisted of MSG60 treated animals which received quince leaf extract (500 mg/kg body weight) for eight weeks; 6) Control+Extract: the animals of this group, were treated with quince leaf extract (500 mg/kg body weight) orally for eight weeks. For the same stress conditions in all experimental groups, distilled water was gavaged in groups 1,2,3 and also injected intraperitoneally to the animals of groups 1 and 6 during the period of study.
Measurement of body and testicular weight
At the beginning of the study, the weight of each animal was recorded and then, the body weight of animals was recorded twice a week during the study. At the end of study, the animals were euthanized and the weight of right and left testes were measured.
Analytic procedures in plasma samples
At the end of study, the animals were euthanized and blood plasma was separated for hormonal analysis. Testosterone levels were measured by an enzyme-linked immunosorbent assay (ELISA) method using a commercial kit (Monobind Inc. USA), blood follicle stimulating hormone (FSH) and luteinizing hormone (LH) levels were determined also by ELISA using specific commercial kits (Pishtazteb diagnostics, Iran).
Sperm analyses
For analyses of sperm, the cauda epididymis was separated from testis and cut into small pieces into one milliliter of Ham's F10 culture medium. The epididymal sperm count was evaluated by hemocytometer with light microscope at 400× magnification. Sperm motility was assessed with a phase contrast microscope at 400× magnification. In average 10 microscopic fields were observed and the mean of counted sperms was considered as sperm motility for each rat. To estimate the percentage viability, a volume of 20 μl of sperm suspension was mixed with an equal volume of 0.05% eosin-Y. The prepared slides were viewed by a bright-field microscope at 400× magnification.
Two hundred sperms were considered for calculating the indices for the experimental groups [14] .
Statistical analyses
The obtained results were analyzed using the GraphPad PRISM® software version 5.04 (GraphPad Software, Inc. USA). All data were reported as mean ± SEM (Standard Errors of Means). The comparison of means between experimental groups was evaluated using the one way analysis of variance (ANOVA). To clarify the significance of differences between experimental groups, Tukey's multiple comparison test was performed as post-hoc test after analysis of variance test. Differences were considered to be statistically significant if p < 0.05. Table 1 shows the mean of body weight and testicular weight in the experimental groups. The comparison of initial and final body weight for every single group showed a significant difference. As Table 1 show, the difference in the mean testicular weight was not significant between experimental groups. Figure 1 shows the changes of mean body weight in experimental groups during the period of study. According to this figure, administration of MSG with higher dose led to more weight gain at the end of study. As well, use of quince leaf extract in Control+Ext and MSG30+Ext groups led to more weight gain in these groups in comparison to control and MSG30 groups. The lowest weight gain was seen in MSG60+Ext group. Figure 2 shows the blood concentration of pituitary gonadotropins and testosterone in the experimental groups. Administration of MSG led to a decrease of FSH levels in comparison to the control group (Figure 2a) . The level of FSH was reduced following treatment of normal rats with quince leaf extract. However, this reduction was not significant in comparison to the control group. In this regard, treatments of MSG groups with quince leaf extract lead to slight and nonsignificant elevation of FSH in MSG30+Ext group (F ratio=0.783; P value=0.5747). Accordingly, the highest level of LH was seen in MSG60+Ext group (Figure 2b) . The plasma level of LH in this group was significantly higher in comparison to the other groups (F ration=9.15; P value=0.0002). Measurement of testosterone levels showed that, the administration of MSG led to a decrease of testosterone levels (Figure 2c ). However, treatments of normal rats with quince leaf extract led to a reduction of this hormone in comparison to the control group. In this regard, the lowest level of testosterone was seen in MSG60+Ext group and the highest level was seen in MSG30+Ext group (F ratio=3.50; P value=0.0349). 
Results
Body weight and testicular weight
Hormonal assays
Sperm analysis
The results of sperm analysis showed that epididymal sperm count and sperm viability were reduced in the MSG administered groups (Figure 3) . Treatment of control group with quince leaf extract led to a non-significant reduction of sperm population (Figure 3a) . Moreover, administrations of MSG with quince leaf extract treatment led to further reduction of epididymal sperm population (p>0.05). The reduction of sperm count was significant in the MSG30+Ext group in comparison to control and Control+Ext groups (F ratio=2.78; P value=0.0495). The results of sperm motility showed that this parameter was increased more in the MSG60 group in comparison to the MSG30 group (Figure 3b) . Moreover, treatment of normal animals with quince leaf extract had no significant effect on sperm motility in comparison to the control group. In this regard, treatment of MSG administrated groups with quince leaf extract, led to a reduction of sperm motility rate. This reduction was significant in the MSG30+Ext group in comparison to MSG30, MSG60 and MSG60+Ext groups (F ratio=5.09; P value=0.0044). The sperm viability showed a greater reduction in MSG60 group in comparison to MSG30 group (Figure 3c ). In this way, treatment of animals with quince leaf extract led to an elevation of sperm viability percentage in comparison to the non-treated groups However, these changes in sperm viability were not significant (F ratio=0.763; P value= 0.5887).
Discussion
Glutamate has several roles in biological systems such as regulation of gene expression, of antioxidant reactions and immune responses [15] . A wide range of adverse effects including muscle pain, sweating, headache, allergic reactions and asthma may occur following administration of monosodium glutamate [16] . Extreme use of monosodium glutamate may induce multiple complications in biological systems such as neurological effects and subsequent tissue and cellular changes [17, 18] .
It is also known that monosodium glutamate can induce oxidative stress through production of oxygen radicals and hydrogen peroxide which subsequently lead to oxidative DNA damage and cell membrane peroxidation and cellular death [19] . Glutamate receptors have been identified in several tissues and organs including the hypothalamus, spleen, thymus, liver, kidney, endocrine glands and the ovaries. In this regard, some studies demonstrated glutamate receptors in testicular tissue of rats [20, 21] .
The Quince (cydonia oblonga) has a large amount of phenolic acids and flavonoids as antioxidant compounds [22] [23] [24] . Reaction of flavonoids with free radicals leads to formation of more stable radicals with lower cytotoxicity. As well, they are capable of chelating iron ions ( According to expression of glutamate receptors in testicular tissue, this organ can be affected by monosodium glutamate. In this regard, it has been shown that treatment of young rats with monosodium glutamate leads to decreased fertility in both sexes during puberty [25] . Administration of monosodium glutamate is associated with testicular tissue alterations such as seminiferous tubules atrophy; spermatogenic cells nuclear pyknosis, germinal epithelium damages, testicular hemorrhage and reduction of cell population [26] [27] [28] . One of the possible mechanisms of structural and functional alterations of testicular tissue could be due to the direct effect of monosodium glutamate through glutamate receptors found on the cells of seminiferous tubules. Another mechanism for the spermatogenic alteration (mentioned in some studies) is represented by the neurotoxic effects of monosodium glutamate on the hypothalamicpituitary-gonadal system [29, 30] . It is known that, the reduction of testicular ascorbic acid levels following administration of monosodium glutamate can lead to oxidative damage of testicular tissue [31] .
In this study, the mean testicular weight was reduced in MSG treated groups. The administration of monosodium glutamate is associated with reduction of testicular weight [32] . Moreover, in this study, the parameter of testicular/body weight ratio was reduced following administration of 60 mg/kg of MSG whereas this parameter was increased more in the quince extract treated groups. Consequently, structural alterations of testicular tissue following administration of higher doses of MSG such as tubular atrophy may lead to a reduction of testicular weight.
The administration of monosodium glutamate leads to increase of body weight [33] . In the present study, treatment of control group with quince extract led to more weight gain in comparison to control group. As shown in the Figure 3 , the weight gain process has a lower slope in MSG60+Ext group in comparison to the other groups. Accordingly, a higher dose of MSG led to more weight gain in comparison to lower doses of monosodium glutamate. Based on our finding, use of quince extract may have a beneficial effect on weight gain, particularly when administrated in combination with a lower dose of monosodium glutamate.
Spermatogenesis is regulated by pituitary gonadotropins [34, 35] . Imbalance of gonadotropins may lead to structural and functional alterations of testicular tissue [36] . Increased amounts of glutamate is associated with augmentation of intracellular calcium levels which may lead to neuronal cell death [37, 38] . Hypothalamic neuronal cell death is specified following the administration of MSG to adult mice [39] . Moreover, neuronal cell death of hypothalamic arcuate and preoptic nucleuses has been documented in some studies [40, 41] . As a result, hypothalamic-pituitary-gonadal axis dysfunction can lead to testicular functional alterations [31] . The administration of monosodium glutamate is associated with the reduction of LH and testosterone levels [42] . In this study, the blood levels of FSH were also slightly reduced following administration of MSG. Moreover, treatment of control group with quince extracts lead to a decrease of FSH levels. Decrease of FSH levels has a relationship with malfunction of Sertoli cells and subsequently causes some spermatogenic alterations. In this study, the alterations of LH levels were not remarkable. However a slight increment in LH levels was seen in groups that were treated with MSG and quince extract. The evaluation of testosterone levels in this study revealed that the administration of monosodium glutamate and quince extract can be effective in reducing of testosterone levels. This reduction of testosterone levels is more evident if MSG (60 mg/kg) and quince extract administered together. Furthermore, the administration of monosodium glutamate leads to a reduction of Leydig cells population and consequently decrement of testosterone synthesis [43] . The observed hormonal changes in this study are in accordance with the previous reports [43] [44] [45] [46] .
In this study, the results of sperm analysis indicated that, the administration of monosodium glutamate and quince extract can lead to a reduction of epididymal sperm population. Moreover, simultaneous use of MSG and quince extract has a more pronounced effect on the reduction of sperm population. This is concordant with previous studies which reported the reduction of epididymal sperm population following administration of monosodium glutamate [6, 29, 31] . The results of this study suggested that, the effect of monosodium glutamate on the sperm motility can be dose dependent. Likewise, it seems that simultaneous administration of MSG and quince extract leads to further reduction of sperm motility. Consequently, it is possible that the quince leaf extract has some effects on reduction of sperm motility. According to the results of this study it seems, the quince leaf extract may have a constructive effect on the sperm viability. Since the susceptibility of spermatozoid cell membrane to oxidative damages, it can be discussed that, the antioxidant properties of quince leaf extract can prevent the spermatozoids from oxidative damages.
Conclusions
Our study suggested that, dose dependent chronic administration of monosodium glutamate can induce structural and functional alterations of testicular tissue and spermatogenesis and, the use of antioxidant herbs such as quince leaves can be effective in reducing of the adverse effects of cytotoxic compounds on target tissues and organs. However, further studies are needed to better understand the mechanism of action of monosodium glutamate on the structure and the functions of reproductive system. 
